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Abstract 
RF excited capacitive coupled hollow cathode (CCHC) plasma source was developed for the fabrication of super smooth 
optics. The frequency of the RF power was 100MHz, and the maximum power output was 150W.  Optical emission spectroscopy 
(OES) was used to diagnose the argon plasma generated in the plasma polishing apparatus. Bispectral analysis was used to 
calculate the argon plasma temperature and electron density. The result shows that when the RF power changed from 40W to 
120W the plasma temperature was between 1989K and 2200K. The electron density increased with the increment of the RF 
power. 
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1. Introduction 
In late 1980s, Kodak[1] developed the PACE method for the figuring and polishing of large scale mirrors for 
telescopes with size up to 2.5m. It has high etching rate up to 100ȝm/min. CVM is a technology developed by 
Nikon and Osaka University for the fabrication of EUV lithography optics[2-4]. The etching rate of CVM method 
can be as high as 200ȝm/min. Based on the same idea, IOM developed an atmosphere plasma etching method called 
Plasma Jet Chemical Etching (PJCE)[5]. The PACE, CVM and PJCE share similar working principle. 
A novel vacuum plasma polishing apparatus was established in house[6]. A capacitive coupled hollow cathode 
(CCHC) RF vacuum discharge process was utilized to generate high density plasma in vacuum to maintain high 
etching rate and to keep a clean processing environment. 
This paper focused on the investigation of the discharge characteristics of the plasma source. 
2. Experimental 
The developed CCHC RF discharge facility for the plasma polishing process is shown in figure 1(a). In the 
system, a vacuum chamber is used to facilitate all the parts. The plasma is generated by using a 100MHz RF power 
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source. There are three gas sources in the system for fused silica polishing, SF6 as the active etching gas, Ar and O2 
or their mixture as carrying gases. The pumping system and gas flow controllers are used in the system to keep the 
working pressure constant.  
The chemically active neutral substances (free radicals) of the F* dissociated from SF6, will react with silica to 
form volatile products, which is shown as: 
      SiO2ˇF*ĺSiF4ĹˇXĹ         (1) 
Another chemical reaction is the positive F ions react with the substrate in the sheath electric field, and the 
reaction is concentrated in the direction of electric field, which is shown as: 
F++ SiO2ĺSiF4ĹˇXĹ          (2) 
Both reactions contribute to the chemical etching of the fused silica, and are affected by discharge parameters. 
CCHC plasma source is used in the apparatus as shown in figure 1(b). Appropriate geometric parameter of the 
plasma source has been investigated to optimize its discharge characteristics to get stable discharge under various 
conditions including different working pressure, discharge power and the type of working gas. 
  
(a)                             (b) 
Figure 1(a): The plasma polishing apparatus, (b) the plasma source 
1. plasma source, 2. motion controller, 3. workpiece holder, 4. gas distributor, 5. vacuum chamber, 6. vacuum pump 
and pressure controller , 7. exhaust scriber, 8. 9. 10. reactive and carrying gases, 11. 12. 13. mass flow controllers, 
14. RF feed through, 15. 16. RF power and match box 
To investigate the discharge properties, only Ar was used as the working gas in this study, the gas flow rate 
was 200 SCCM, the pressure was kept at 20Pa. Multi-channel high resolution optical fiber spectrometer was used to 
monitor the optical emission spectrum of the plasma. The spectrometer used is AvaSpec- ULS3648ˈAvantes Incˈ
Netherlands. PLASUS SpecLine software was used to analyze the spectrum. According to the bispectral analysis 
principle, the relationship between the plasma temperature and the intensity of the spectral lines is as follow: 
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Based on this equation, Boltzmann-Saha equation can be applied to describe the relation between the electron 
density and the intensity of the spectral lines: 
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Where, I1 and I2 is the intensity of the spectral lines corresponding to wavelength Ȝ1 and Ȝ2. To diagnose the 
plasma temperature, the spectral lines are from emission of atoms. While for electron density, the spectral lines are 
corresponding to the emission from atoms and its ions respectively. A is the transition probability. g is the statistic 
weight of the spectral lines from excited states. E is the energy of the excited state for the spectral lines. k is 
Boltzmann’s constant. h is Planck’s constant. T is the plasma temperature. ne is the electron density. Eion is the 
primary ionization energy. 
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3. Results and discussions 
A typical emission spectrum of the Ar plasma is shown in figure 2. 810.37nm and 811.53nm Ar I atomic 
spectral lines were selected for the diagnosis of plasma temperature, 811.73nm Ar I atomic spectral line and 
826.48nm Ar II ionic spectral line were selected for the diagnosis of electron density. Figure 3 shows the variation of 
the Ar spectral line intensities with the RF power input to the plasma. 
 
Figure 2. Emission spectrum of argon plasma 
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Figure 3. Argon plasma spectrogram and the variation rules of the densities to RF power 
From figure 2 and 3, spectroscopic parameters of the Ar spectral lines can be extracted as in table 1. 
Table1 Spectroscopic parameters of the argon spectral lines 
 
Spectral line wavelength/nm Transition probability 
/h107s-1 
Statistic 
weight 
Energy of excited 
state/eV 
Arĉ 810.3693 2.5 3 11.62 
Arĉ 811.5311 3.31 5 11.55 
ArĊ 826.4807 18.2 4 19.87 
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Parameters in table 1 were substituted into equation (3) and (4) to calculate the plasma temperature and 
electron density. Results are shown in figure 4. 
From the result in figure 4, it can be seen that the electron density increases exponentially with the increase of 
RF power, which indicates that the plasma density increases with the increase of input power.  
The plasma temperature shows fluctuation when the input power increases. Since the plasma temperature is 
mainly affected by the energy of the ions in the plasma, the fluctuation in plasma temperature means a nonlinear 
change in the ion energy with the increase of the RF power. Result in figure 4 shows that the average Ar ion energy 
reaches its maximum when the RF power is around 60W. 
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Figure 4. Argon plasma temperature (left) and electron density (right) vs. RF power 
4. Conclusions 
A plasma polishing apparatus was built in house for the plasma polishing of super smooth optics.  
OES diagnosis method was adapted in this paper to diagnose the plasma temperature and electron density for 
the Ar plasma generated in the plasma source. The method can be used to get the plasma temperature and electron 
density simultaneously.  
With the increase of the input RF power from 40 to 120W, the Ar plasma electron density increases 
monotonously, while the plasma temperature reaches its maximum when the RF power is around 60W. 
Investigations on the plasma characteristics are helpful to understand the plasma polishing mechanisms. 
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